Background: The 2010 US Renal Data System annual report revealed that peritoneal dialysis is used by only 7% of end-stage renal disease patients on chronic dialysis vs. hemodialysis which is used by 93% of such patients, despite documented benefits of peritoneal dialysis over hemodialysis in these cases. Purpose: We examined whether education of nephrology fellows contributed to underutilization of peritoneal dialysis in the US. Methods: Self-report questionnaires were administered electronically to nephrology fellowship training program directors, October 2010-March 2011 (55% response). Results: Median number of training faculty and patients/fellow were significantly lower for peritoneal-dialysis vs. hemodialysis training. Hours of didactic teaching for fellows over their 2-year training period were significantly lower for peritoneal dialysis vs. hemodialysis. Peritoneal dialysis training was 20% of total training vs. 80% for hemodialysis. Most program directors (87%) believed lack of trained faculty in peritoneal dialysis and insufficient peritoneal dialysis patient population contributed to inadequate fellows' peritoneal dialysis training. Conclusions: Findings suggest that current nephrology fellowship training in peritoneal dialysis is inadequate and contributes to its underutilization.
Introduction
Renal replacement therapy for patients with end-stage renal disease (ESRD) includes kidney transplantation and chronic dialysis. Most ESRD patients are treated with in-center hemodialysis (HD) and home peritoneal dialysis (PD) for prolonged periods because of limited availability of organ donors for kidney transplantation. As of December 31, 2010, among chronic dialysis patients, approximately 383,992 (93%) patients were receiving HD while 29,733 (7%) were on PD [1] . The incident HD population reached 103,874 patients in 2010. New PD patients peaked at 9408 in 1995, and have since fallen to 7586 [1] . This decline continues despite the cost effectiveness of PD therapy as compared to in-center HD, improving patient outcomes, advances in PD therapy including a decrease in peritonitis rate, new solutions such as icodextrin and the new generation of automated cycling machines allowing appropriate dialysis clearances [1] [2] [3] [4] [5] . PD underutilization has occurred despite the fact that nephrologists in the United States report that about 35% of ESRD patients should be maintained on PD therapy [6] . Not only are PD and HD associated with similar survival in incident dialysis patients starting therapy electively as outpatients [7] , but also PD offers survival benefits in almost 67% of incident ESRD patients who are non-diabetics and younger diabetics with no additional comorbidity [8] .
PD underutilization is related in part to inadequate training of nephrologists in PD [9] . A recent (2010) survey of self-perceived competency among US nephrologists after completion of nephrology fellowship training revealed that only 56% felt well trained and competent in the care of chronic PD patients vs. 80% who felt well trained and competent in the care of chronic in-center HD patients-although 92% ranked care of chronic PD patients as an area that is "somewhat or very important" [10] . Related to nephrologist concerns about lack of competence or comfort with PD, is inadequate exposure to PD patients during their training. Although US neph-rologists spent >35% of their time providing care for ESRD patients [11] , Mehrotra et al. [12] reported a decnade ago that 29% of fellows in US training programs were exposed to <5 PD patients and 14% of these fellows spent <5% of their training time caring for PD patients.
Lack of exposure to PD during training influences nephrologist's referral patterns (i.e., preferences for treatment modality) throughout their career and may influence patients' treatment choice [13] and therefore affect patient outcomes. While some have suggested that choice of dialysis modality selection is driven by patient preference [14, 15] . Wuerth et al. reported that 83% of interviewed patients indicated that their physician influenced their ESRD treatment choice [16] . Of note is Stack's finding that patients who were autonomous in the ESRD treatment decision-making process were more likely to receive PD rather than HD compared to patients whose medical team were more actively involved in treatment modality decision making [17] .
In 2002, Mehrotra et al. [12] described the status of dialysis training in the US in terms of the availability of resources and allocation of time for training fellows. We undertook this study to update Mehrotra et al.'s 2002 [12] observations and examine the current status of nephrology fellowship training in hemodialysis and peritoneal dialysis in the US.
Materials and Methods
The project protocol was approved by the Stony Brook University institutional review board. Self-report questionnaires were administered electronically via Survey Monkey, during October 2010-March 2011, to US Nephrology fellowship program directors. The names and email addresses of all US adult Nephrology fellowship program directors were obtained from the American Society of Nephrology listserv (directors of pediatric nephrology programs were excluded). Questionnaire responses were obtained anonymously. Questionnaires were re-administered to Program Directors approximately 4 weeks after the initial administration to encourage replies from those who had not already done so. This was repeated two more times. No incentives were offered.
The questionnaire was developed by the first author and reviewed by the second and third authors. Questionnaire items obtained information on training program characteristics (e.g., number of clinical nephrology faculty; number of nephrology fellows) and training activities relating to HD and PD (e.g., number of adult patients on HD and PD; percent of fellows time managing HD and PD; didactic lectures in HD and PD; type of training (block rotation or continuity care) and estimate of time spent on HD and PD; etc). Program directors described their perceptions of the adequacy of PD training at their institution and in the US, and noted barriers to the utilization of PD in the US The questionnaire took approximately 15 minutes to complete, and was pretested on a small group of physicians prior to distribution.
Study data were downloaded from Survey Monkey directly into an SPSS-formatted file and the statistical program SPSS (IBM SPSS, version 19) was used for all data analyses. Descriptive statistics (frequencies, proportions, medians, and ranges) are provided for all study data. The Wilcoxon signed rank test was used for comparisons of median values.
Results

Response Rate and Distribution of Respondent Training Programs
Questionnaires were administered to directors of 143 nephrology fellowship programs. Directors of 78 programs completed the questionnaires to yield an overall response rate of 54.5%. Our response rate is comparable to the response rate of 47.3% attained by a prior survey of members of the National Kidney Foundation regarding opinions and attitudes about dialysis modality selection conducted in 1997 [6] . Response rates varied by US Census Region [18] : 45% (n = 35) of responding US Program directors were located in the northeast; 13% (n = 10) were located in the west; 26% (n = 20) were located in the south; and 17% (n = 13) were in the mid-west [NO-TE: denominator = 78 responding program directors]. When examined by the regional location of nephrology programs listed on the American Society of Nephrology listserv (i.e., denominator represents total programs in the specific region): 69% (n = 35) of programs located in the northeast, 55% (n = 10) of those located in the west; 48% (n = 20) of those located in the south; and 42% (n = 13) of those located in the mid-west, were represented.
Training Resources and Program Characteristics
Self-reported HD and PD training resources are presented in Table 1 . The median faculty/fellow ratio was significantly lower for PD compared to HD as was the median patients / fellow ratio (all p's < 0.001). 94% (n = 67/71) and 93% (n = 66/71) of program directors indicated that their fellows receive didactic teaching lectures during their tenure in HD and/or PD, respectively. However, the median number of teaching lecture hours reported was significantly lower for PD (6 hours (2 -30 hours)) compared to HD (10 hours (range = 2 -30 hours)), p < 0.001 [data not shown].
98.7% of the responding pr gram directors (n = 77/78) o provide chronic dialysis training for their fellows. With regard to training characteristics of their outpatient chronic dialysis programs, 38% (n = 29/77) of responding program directors indicated that they only provide continuity care; 29% (n = 22/77) responded that they only provide block of time rotation; and 34% (n = 26/77) indicated that they provide both continuity care and block of time rotation [data not shown]. As shown in Table 2 , among programs providing continuity care or block rotation and continuity care, the smaller proportion assigning dialysis patients to fellows were for PD rather than HD. Similarly, the smaller proportion of total dialysis training time among programs offering block rotation, continuity care, or both was devoted to PD rather than HD. Overall, 76% (n = 52/68) of program directors felt that >5% of total training time is adequate for PD training. Of these, the most frequent percent total training time noted was 5% -10% (35%; 24/68) followed by 10% -20% (25%; 17/68). In general, 81% (n = 56/69) of program directors felt that assigning >5 chronic PD patients/fellow is adequate for PD training over the fellows' two year training period. The most frequently cited number of chronic PD patients/fellow was 5 -10 (52%; 36/69). Among those program directors who felt that assigning >5 chronic PD patients/fellow is adequate for PD training over the fellows' two year training period, approximately 50% (n = 29/56) indicated having 30 or more patients on PD within their programs, with patient/fellow ratios ranging from 6.00 to 17.00 (data not shown).
Factors Which Limit Utilization of PD in the US
As seen in Table 3 , program directors most often cited limited physician training in PD (88%) as a physician/ nurse related factor which limits utilization of PD in the US Greater than 50% of respondents also cited poor 
Discussion
Mehrota et al.'s 2002 national survey of nephrology training program directors described disparities in resources available for PD vs. HD training [12] . Approximately 10 years later, we found that the large majority of responding Program Directors in our national sample still believe that PD training in the US is inadequate. The primary reasons given relate to inadequacy of training in PD and include insufficient numbers of PD patients for adequate exposure to PD, and faculty who are not comfortable with PD. These findings are also consistent with another prior study which found that only 56% of nephrologists felt well trained and competent in the care of chronic PD patients while approximately 80% of respondents reported that they were well trained and felt competent after leaving fellowship in the care of chronic HD patients [10] . Level of physician perceived comfort and competence in the care of PD patients impacts both provider and patient decisions about choice of therapy [13] and consequently influences the rate of utilization of PD. Related to adequacy of training, our survey of program directors suggest that the availability of training resources (faculty and patients) and allocation of didactic and training time for fellows in providing care to ESRD patients receiving dialysis are significantly lower for PD than HD in the US. The main limiting factors indicated by program directors were insufficiently trained faculty in PD and/or insufficient PD patient population to ensure appropriate training for fellows in providing care for patients undergoing PD. In addition, our findings suggest that the availability of training resources for PD has de-clined in the US since Mehrotra et al. reported on this in 2002 [12] . We found that median number of full/parttime faculty members were significantly lower for PD than for HD. Faculty numbers for PD have dropped from a median of 4 reported 10 years ago [12] , to a median of 1 noted in our recent survey. Similarly, the median faculty/fellow ratio for PD training decreased from 1 [12] to 0.5, as evidenced by our data. The patients/fellow ratio has declined from a median of 6.7 [12] , to 5.0 (our data). In contrast, we found that median numbers of faculty members, faculty/fellow ratio and patients/fellow ratio for HD training have remained similar to those noted 10 years earlier by Mehrotra et al. [12] . We found that among programs providing continuity care or block rotation and continuity care (continuity care is the preferred experience [19] ), the smaller proportion assigned dialysis patients to fellows for PD rather than HD. Similarly, the smaller proportion of total dialysis training time among programs offering block rotation, continuity care, or both was devoted to PD rather than HD. This has not changed in comparison to the previous report [12] .
A decline in the number of ESRD patients on PD has worsened this resource for nephrology fellowship training. Responding program directors most often cited limited physician training in PD as a physician/nurse related factor which limits utilization of PD in the US and greater than half also cited poor personal experience with PD. This sets up an adverse cycle since new ESRD patients' treatment choices are often influenced by their physicians [13, 16] . We found that among patient related factors limiting utilization of PD, the majority of program directors cited lack of patient education on PD compared to less than half who cited concerns about PD clinical outcomes (relative to HD outcomes) as a therapy related factor limiting utilization of PD. Our data suggest that program directors perceive training and education as greater impediments to utilization of PD, than clinical factors.
What is needed for adequate PD training is debatable. 76% of program directors felt that allocating >5% of total training time is adequate for PD training and in general, 81% felt that assigning >5 chronic PD patients/fellow was also adequate for PD training over the fellows' two year training period). This may reflect program directors' beliefs that these are the number of patients needed for a fellow to attain competency. However, our questionnaire did not explicitly address the competency of PD training. Future surveys should specifically ask about training resources and experiences needed to attain competency in this area and should focus on evaluating and achieving competency in PD among fellows [20] .
Study limitations include the response rate of 55%. However, given the voluntary nature of the survey, this response rate is comparable to that achieved in the other studies [6, 12] . Furthermore, response rates varied regionally with representation greatest in the northeast. There is some evidence that the likelihood of PD placement is greatest in the northeast [17] , although others have found that PD use did not differ in urban vs. rural settings [21] , it is not surprising that directors of nephrology fellowship programs located in the northeast might more frequently to respond to a survey about PD utilization. Nonetheless, despite the over-representation of programs located in areas of highest PD use, our findings still suggest underutilization of PD related to inadequate training in PD.
Another limitation relates to the accuracy of self-report data obtained from this present survey, particularly descriptions of the distribution of time spent by fellows on PD vs. HD activities. This was estimated by responding program directors and not based on actual documentation of individual fellows' time. Nonetheless, we believe that their estimates of training practices and activities are adequate and reliable because most program directors are closely involved in outlining or designing the structure of dialysis training. In addition, estimates of time spent by fellows on PD vs. HD activities given by our responding program directors were similar to estimates provided by nephrology training program fellows in a prior study [19] .
In conclusion, our survey of the program directors supports the contention that current nephrology fellowship training in PD in the US remains inadequate, despite documented advantages of PD over HD for treatment of ESRD among chronic dialysis patients. The adequacy of PD training resources needs appraisal by the nephrology community and competency in PD training needs to be defined and evaluated [19, 20] . Minimum standards of PD training for each nephrology fellow should to be established similar to that of nephrology transplant training as mandated by the American College of Graduate Medical Education. Targeting current faculty for PD-directed educational efforts can also do much to enhance PD utilization and improve ESRD patient outcomes. Current faculty involved in training programs need to be trained or retrained in PD so that they feel comfortable in training fellows in PD and providing care to PD patients.
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